Gelatin-calcium carbonate films incorporated with different natural antioxidants (sodium ascorbate, d-sodium erythorbate, and tea polyphenols) were investigated in this study. The results indicated that all of the films with antioxidants displayed promoted tensile strength and higher thickness than that of the control (p < 0.05), and most films had higher values of elongation at break. Furthermore, the addition of antioxidants favored the reduction of water vapor permeability and water solubility in comparison with the control (p < 0.05). The alternations of light transmission could vary depending on the type and concentration of antioxidants. In addition, the surface properties of films were characterized by atomic force microscopy, indicating that antioxidants caused the formation of gelatin-calcium carbonate aggregates and clusters. Moreover, Fourier transform infrared spectroscopy spectra demonstrated that antioxidants facilitated the conformational changes of the secondary structure and functional groups of gelatin in films. Gelatin-calcium carbonate films containing different natural antioxidants exhibited improved 2, 2-diphenyl-1-picryl hydrazyl radical scavenging capacities, compared to the control (p < 0.05).
INTRODUCTION
Sustainable edible and/or biodegradable films derived from food resources have evoked much interest due to the environmental concerns caused by the vast majority of disposable petroleumbased packaging materials, [1, 2] consisting of polysaccharides, [3−5] proteins, [6−10] and lipids. [11−14] Gelatin is a sort of flavorless and colorless mixture of polypeptide and protein obtained from different animal by-products, possessing excellent film-forming features, emulsifying properties, and high water-binding capacity. Furthermore, gelatin is cost-effective, highly available, and biodegradable. These strengths enable its wide applications in the food, pharmaceutical, and cosmetic industries as stock solution for the preparation of the film at a given concentration, containing sodium ascorbate (0.1 and 0.4 mg/mL), D-sodium erythorbate (0.1 and 0.4 mg/mL), and tea polyphenols (0.1 and 0.4 mg/mL). All mixtures were stirred at 45 • C for 30 min to obtain a homogeneous solution followed by placing a ventilated oven (25 ± 0.5 • C) for 10 h. Before performing determinations, the dried films were conditioned in desiccator over a saturated solution of MgNO 3 •6H 2 O (50% relative humidity) at 25 ± 0.5 • C.
Characterization

Film thickness
Film thickness was determined using a hand-held micrometer (Mitutoyo No. 293-766, Tokyo, Japan) with a precision of 0.001 mm. Measurements were carried out at ten different film locations and the mean thickness value was used to calculate the permeability and mechanical properties of the films.
Mechanical properties
A texture analyzer (Stable Micro Systems Ltd, UK) was employed to measure the mechanical properties, following the published protocol [35] with minor modifications. The TSs and elongations to break of the films were measured. The films were cut into rectangular test strips with a length of 70 mm and a width of 25 mm, and the cross-head speed was set at 20 mm/s. At least two replications were used to determine the ultimate TS, elongation to break. TS was calculated by dividing the maximum load at break by the area of cross-section and expressed in MPa. EAB (E, %) was expressed as:
where, L 0 (mm) is the initial length of the film and L 1 (mm) is its length at break.
WVP
The WVP of the films was measured using the method reported by. [36] The gelatin film was cut to 2 cm in diameter, and the film was used to seal a testing cup containing anhydrous calcium sulfate. The films were allowed to equilibrate for 1 h before the cells were initially weighed. Thereafter, the weight of the cup was measured intermittently at intervals of 24 h, up to 96 h. WVP of the films was calculated as follows:
where, WVP = water vapor permeability (g• m/ m 2 •s•Pa), W = increase in cup weight (g), L = thickness of film (m), t = measuring time (s), A = measuring area (m 2 ), and P = difference in pressure between outside of the cup and inside of the cup (Pa).
WS
The WS of the film was evaluated following the method in literature with slight modification. [37] The film samples were cut to a square piece of 20 mm × 40 mm and accurately weighed to give the dried film (W 0 ). The films placed into test beakers with 300 mL distilled water. The samples were immersed for 24 h at 25 • C. After that period, the remained pieces of film were then filtered and dried in a hot air oven at 105 • C until a final constant weight was obtained (W 1 ). The percentage of solubility of the film was calculated according to the equation:
where, W 0 is the initial weight of the film expressed as dry matter and W 1 is the weight of the desiccated undissolved film.
Color
Color of film samples was determined using an Automatic color measurement colorimeter (TCP2, Ao Yi Ke photoelectric instrument company, China). Color of the film was expressed as L * (lightness/brightness), a * (redness/greenness), and b * (yellowness/blueness) values. Total difference in color ( E * ) was calculated according to the following equation:
where, L * , a * , and b * are the differences between the corresponding color parameter of the sample and that of white standard (L * = 94.20, a * = −0.10, and b * = 0.68).
Light Transmission and Transparency
The barrier properties of gelatin films against ultraviolet (UV) and visible light were measured at selected wavelengths between 200 and 800 nm, using a UV-visible recording spectrophotometer according to a published method. [38] The transparency value of the film was calculated by the following equation:
where, T 600 is the fractional transmittance at 600 nm and x is the film thickness (mm). The greater transparency value represents the lower transparency of films.
AFM
Before testing, samples were preconditioned at 50% RH and at room temperature for at least 48 h.
The AFM was carried out by an Autoprobe CP Research instrument (Veeco Instruments, NY, USA) in contact mode with a 20 μm × 20 μm scan size and a 5 μm vertical range. In this section, silicon probes (Veeco probes, NY, USA) were used, with a spring constant of 0.5 nm −1 . The data were transformed into a 3D image. Measurements were taken from several areas of the film surface (20 μm × 20 μm). The following two statistical parameters related with sample roughness were calculated: average roughness (Ra: average of the absolute value of the height deviations from a mean surface), root-mean-square roughness (Rq: root-mean-square average of height deviations taken from the mean data plane). A minimum of three replicates were considered to obtain these parameters.
Fourier Transform Infrared Spectroscopy (FTIR)
FTIR spectra were generated from pellets of films examined with a Thermo Nicolet Avatar 370 Fourier transform infrared spectrometer equipped with a DTGS KBr detector. The films were subjected to 16 scans per sample at 1.9 cm −1 resolution from 4000 to 600 cm −1 . Data processing was conducted with the Omnic software package where peak maxima were determined manually after examination of absorbance values.
DPPH Free Radical Scavenging Activity
The antioxidant activity of the films was evaluated by assaying the scavenging of free radical of DPPH following the method of various authors [32,38−40] with slight modification. DPPH assay solution was prepared by mixing 6 mL of the film stock solution with 2 mL of methanolic solution of DPPH (0.7 mm/L). After shaken in an oscillator for 1 min, the mixture was incubated in the dark at room temperature for 30 min. The UV absorbance of the DPPH assay solution at 517 nm was measured. DPPH scavenging activity was calculated as follows:
where, A DPPH is the absorbance value at 517 nm of the methanol solution of DPPH and A s is the absorbance value at 517 nm of the DPPH assay solution. Tests were performed six times for each specimen, and the average values were recorded.
Statistical Analysis
All determinations were performed in three replicates. Data are expressed as mean ± SD. Analysis of variance (ANOVA) was used for analysis of the test results (least significant difference) at the significance level of p-value < 0.05 using the SAS software (SAS Institute Inc., Cary, NC, USA).
RESULTS AND DISCUSSION
Physical Properties of Gelatin-Calcium Carbonate Films Containing Different Plant-Based Antioxidants
Thickness
All films containing natural antioxidants exhibited higher thickness than that of the control, regardless of the type and concentration of antioxidants (p < 0.05) in Table 1 . In particular, the higher concentrations of natural antioxidants favored the higher thicknesses of films than that of the lower concentrations of natural antioxidants (p < 0.05). It was postulated that the interaction between natural antioxidants and peptide chains of gelatin along with calcium carbonate could affect the ordered alignment of the structure of the films. Consequently, the compact and convex network was formed, resulting in the increased thickness. The identical trend was observed for fish gelatin films incorporated with leaf essential oils (lemongrass, basil, citronella, and kaffir lime). [38] TS and EAB TS and EAB are central physical properties of the gelatin-related products since it is an indicator for the specific application of products. [41] The TS is defined as the maximum strength of a film for the resistance of tensile stress and percent elongation represents the stretch ability of a film. TS 
Values are expressed as mean ± standard deviation; Different letters in the each row indicate statistically significant difference (p < 0.05).
and EAB of gelatin-calcium carbonate films containing various natural antioxidants are depicted in Table 1 . Compared to the control, natural antioxidants significantly improved TS of the films (p < 0.05) regardless of the concentration (p > 0.05). For gelatin-based films, the weak bond including hydrogen bond and hydrophobic interaction mainly contribute to the stabilization of the structures of films. [42] The presences of natural antioxidants may heighten the intermolecular interactions of polypeptide chains. It was suggested that the hydrophobic groups of polyphenols could interact with gelatin by hydrophobic interaction, while hydroxyl group of polyphenol was able to interact with gelatin via hydrogen bonds, thereby resulting in the increase of TS. [38] It was observed that TS of the pure gelatin film was reduced when some natural antioxidants were introduced into the film. This result might be attributed to the different types and concentrations of natural antioxidants. Moreover, the occurrence of calcium carbonate substantially improved the TS of films, [43] probably contributing to the higher TS than that of the pure gelatin film (15.5 ± 3.9). [44] Compared to the control, EAB was significantly enhanced (p < 0.05) after adding natural antioxidants, other than sodium ascorbate with a lower concentration. EAB values are primarily influenced by plasticizers, which penetrate into biopolymer matrix, thereby promoting the volume of spaces between polypeptide chains by the hydrophobic interaction and leading to the reduction of film brittleness and the increase of the mobility of molecules. [9] Given that calcium carbonate has insignificant impact on EAB, the different interactions between natural antioxidants and plasticizers caused different extents of the changes in EAB. [43] The same trends for TS and EAB of chitosan film incorporated with green tea extract. [45] WVP and WS WVP is a critical indicator of the water-barrier properties of the food-packaging material. In general, the moisture transfer between foods and the storage environment is suggested to be minimized. Hence, WVP should be controlled at a low level. As illustrated in Table 1 , the WVPs of gelatin films were significantly decreased when natural antioxidants were added into the films (p < 0.05). This could be attributed to the fact that natural antioxidants might strengthen the cross-linking of gelatin and reduce the free volume of the polymeric matrix, thus increasing the tortuous paths within the composite films. These results slowed the diffusion rate of water molecules through the films, which leaded to the lower WVP of the films. [46] Moreover, calcium carbonate acted as a water barrier, resulting in the low WVP of gelatin-calcium carbonate films. [47] It was observed that the WVP of gelatin films were significantly decreased when chitosan was added into the gelatin films (p < 0.05). [48] Furthermore, the additions of essential oils could intensify the intensity of hydrophobicity of films, thereby causing the reduction of the water vapor migration through the film. [49] The WS of gelatin-calcium carbonate films significantly reduced (p < 0.05) with antioxidants, rather than the low concentration of sodium ascorbate, as demonstrated in Table 1 . Gelatin films with a higher amount of hydrophilic amino acids enabled water uptake from the external environment. [50] As stated previously, natural antioxidants rendered the entanglement of gelatin polypeptide chains within the film matrix by electrostatic forces, hydrogen bonding, etc. Plus, calcium carbonate generated remarkable physical shield for water molecular. Therefore, it hindered the ability of gelatin to interact with water molecules, which was mainly responsible for weakening the WS in the matrix of films. The WS of the chitosan film has been significantly improved after adding carvacrol or grape seed extract into the films. [51] Color The effects of natural antioxidants with different concentrations on film color (L * , a * , b * , E) are summarized in Table 2 . Compared to the control, the incorporations of natural antioxidants (sodium ascorbate and d-sodium erythorbate) into the films have no significant impact on L * (lightness/darkness) between groups (p > 0.05) regardless of the concentration, other than tea polyphenols. The films including tea polyphenols tended to be darker than that of other groups (p < 0.05). a * (redness/greenness) values of the surfaces of films have been significantly modified by the additions of sodium ascorbate (higher concentration), d-sodium erythorbate, and tea polyphenols (p < 0.05). In particular, the presence of natural antioxidant (sodium ascorbate, d-sodium erythorbate, and tea polyphenols) significantly resulted in an increase in b * (yellowness/blueness) values of the films, indicating the tendency toward the yellowish color (p < 0.05), except for the film containing a low concentration of sodium ascorbate. Furthermore, the occurrences of natural antioxidants could significantly influence the values of total differences in colors (p < 0.05) of the films with the exception of the group encompassing a lower concentration of sodium ascorbate. In literature, it was found that the higher concentration of green tea extract could cause an increase in the intensity of the yellowness of the chitosan films. [52] Wheat starch-chitosan films containing α-tocopherol exhibited the promoted intense of yellow color. [53] 
Light Transmittance and Transparency
Light transmittance and transparency of the film is associated with the capability of preventing foods from the of UV radiation. [54] The results of spectroscopic scanning of all samples at wavelengths ranging from 200 to 800 nm are shown in Table 3 . The changes of light transmission were different depending on the type and concentration of antioxidants. The incorporation of sodium ascorbate, and d-sodium (the lower concentration) into the films facilitated the higher light transmission. In contrast, the presence of tea polyphenols and d-sodium erythorbate (the higher concentration) slightly lowered the light transmission. Compared to the pure gelatin film in literature, [54] the gelatincalcium carbonate has substantially lower light transmission because calcium carbonate displayed UV-shielding properties. [55] Zhang et al. reported that the gelatin film with gingko leaf extract had the lowest value of light transmission in UV light when comparing with films containing green tea extract, grape seed extract, and ginger extract. [54] In addition, the differences in light transmission were also varied with types of essential oils and surfactants used in fish gelation. [38] AFM To gain a more comprehensively visible understanding of the surface structures of the samples, gelatin films comprising natural antioxidants were also investigated using AFM. Figure 1 represents the surface morphologies for the films, corresponding to results of roughness parameters-the average roughness (Ra) and root-mean-square roughness (Rq) in Table 4 . The pure gelatin-calcium carbonate film with a smooth surface (Fig. 1a) showed Ra and Rq values of 20.90 and 27.03, respectively, with a height of 643 nm. However, the surfaces of the films became rougher than the control when adding natural antioxidants into the films on the basis of the AFM images (b-g). Antioxidants induced the increases of Ra and Rq values in Table 4 . The heights of the gelatin-calcium carbonate films were listed: sodium ascorbate (low concentration: 1.0 μm; high concentration: 1.6 μm), dsodium erythorbate (low concentration: 799 nm; high concentration 1.5 μm), and tea polyphenols (low concentration: 1.1 μm; high concentration: 1.9 μm). The maximal value was achieved in the occurrence of tea polyphenols, which is in agreement with the results of Ra and Rq. It appeared that antioxidants enabled gelatin molecules and calcium carbonate to assemble into gelatin-calcium carbonate aggregates and clusters presumably due to the formation of bundles of intermolecular triple helices instead of individual helical junction zones. [15] The parallel trend was observed that addition of pectin into gelatin films resulted in the formation of gelatin clusters with heterogeneous structures through ionic interactions. [56] Likewise, green tea extract induced the generation of compact-structure gelatin films compared with the pure gelatin film due to increased amount of protein-polyphenol interactions. [57] 
FTIR
FTIR spectra of gelatin-calcium carbonate films incorporated with antioxidants at low and high concentrations were depicted in Fig. 2a-2c . The spectra of all films exhibited the major bands in amide region. Gelatin-calcium carbonate films displayed the amide I band, indicating C=O stretching/hydrogen bonding coupled with COO, at the wavenumbers of 1600-1700 cm −1 for all of the samples, which are consistent with the gelatin films from the skin of fish. [37, 49, 57] In particular, slight decreases in the intensity of absorption bands detected in the presence of antioxidants regardless of the type. Amide II representing the bending vibrations of N-H groups and stretching vibrations of C-N groups is always shown at 1560-1500 cm − 1. [49, 58] In this study, it appeared that some vibrations in absorption amplitude at 1560-1500 cm −1 were observed for the gelatin-calcium carbonate films when adding antioxidants into the films. The similar conclusion was achieved from gelatin films containing other antioxidants, for instance BHT and green tea extract. [57] Amide-III, illustrating the vibrations of C-N and N-H groups of bound amide or vibrations of CH 2 groups of glycine in gelatin films was found at the wavenumbers of 1200-1250 cm −1 . [59] The bands located at the wavenumber of 1030-1035 cm −1 were recorded in all film samples, corresponding to the OH group of glycerol serving as a plasticizer. [60] Moreover, amide A peaks at 3280-3290 cm −1 , reflected NH-stretching coupled with hydrogen bonding. [37] The wavenumber of amide-A peak shifted from 3289.98 cm −1 (the control) to 3283.75 cm −1 for the film containing the higher concentration of antioxidant irrespective of the type. The amide B bands, corresponding to the asymmetric stretching vibration of =C-H and NH 3 + , were observed at 3095 cm −1 , for all the samples, without noticeable changes in amplitude with the type and the concentration of antioxidant. Table 5 summarized the effects of antioxidants on the secondary structures of gelatin-calcium carbonate films. Compared to the control, the secondary structures of all films were significantly changed (p < 0.05). In particular, the occurrences of antioxidants leaded to the significant decreases of α-Helix, and the increases of β-sheet as well as the decreases of random-coil conformation in gelatin films (p < 0.05), except from the films containing tea polyphenols. For the samples with tea polyphenols, the percentage of random-coil conformations was significantly improved regardless of the concentration (p < 0.05). Thus, functional groups and secondary structures of gelatins in films were substantially impacted by antioxidants. In literature, it was found that the secondary structures of gelatin were pronouncedly affected by pH value. Acidic condition enhanced the formation random coils and beta-turn while decreasing the amount of a-helix. Meanwhile, alkali condition increased the amounts of random coil and a-helix. [61] 
DPPH Radical Scavenging Assay
As one of major categories of bioactive packaging films, the film enriching antioxidants is a rather promising approach for extending the shelf life of food products without sacrificing nutritional and organoleptic properties. [62] As one of the most popular and frequently methods used in the evaluation of compounds to act as free radical scavengers or hydrogen donors, the DPPH radical scavenging capacity is a central method to evaluate the antioxidant capacity of a product. The DPPH radical is viewed as a sort of durable organic nitrogen radical with a deep purple color. Compared to other scavenging assays, it is commercially available and convenient since it has no requirement for being generated immediately prior to the assay. [63] Figure 3 demonstrated the DPPH radical scavenging activity of gelatin-based films in the presence of different antioxidants. The results revealed that the addition of the higher concentration of natural antioxidants enabled the strongest scavenging activity against DPPH radical, which is significantly higher than of the control and the lower concentration group, respectively (p < 0.05). Concurrently, the film with the lower concentration of natural antioxidants exhibited the significantly higher DPPH radical scavenging activity than that of the control (p < 0.05), although the pure gelatin film possessed antioxidant activities. At the lower concentration group, the order of the antioxidant capacities of films was listed as: sodium ascorbate > d-sodium erythorbate > tea polyphenols. As a matter of fact, the sequence of the higher concentration group was expressed as: sodium ascorbate > d-sodium erythorbate= tea polyphenols. Compared to all of the antioxidants in the low concentration group, 30.3% of the increment of the antioxidant capacity of tea polyphenols in the high concentration group was significant than other two antioxidants (14.6% for the d-sodium erythorbate group; 8.1% for the sodium ascorbate group). These results confirmed that the increase in the concentration of the antioxidant favors its antioxidant capacity at a fixed range.
Alternatively, antioxidant capacity appears to be concentration-dependent. Indeed, the enhanced magnitude of the antioxidant capacity depends on its inherent property. The results of DPPH radical scavenging activity of sodium ascorbate are consistent with those in literature. [64] For sodium erythorbate, it could be affected sensitively in the occurrence of oxygen, metal ions, and light, [33] including the release of electrons absorbed by the erythorbate molecule. [33] These reactions allowed for the prevention of those chain reactions oxidizing other compounds in foods. The antioxidant activity of tea polyphenols is greatly associated with the number and position of phenolic hydroxyl groups. [34, 65] Therefore, different chemical structures of antioxidants leaded to the different antioxidant capabilities.
CONCLUSION
In this study, different natural antioxidants were successfully incorporated into gelatin-calcium carbonate composite films. Antioxidants enabled the promotion of mechanical and water-barrier properties of films, and modification of the surface morphology of the films. In addition, all films containing antioxidants exhibited the significant antioxidant activities. The results illustrate the potential application of gelatin-calcium carbonate composite films in food packages. 
